There were three rocket salvos launched from Esrange, Sweden, during NLC-91. The first salvo (called Salvo B due to prior designations of the rockets and launch criterion) was launched into a strong PMSE event during the early morning hours of August 1, 1991. As there was no visible NLC overhead, this salvo was strictly dedicated to the study of PMSE. For the discussion of the CUP RI P MSE data during the other two salvos, we refer the reader to the companion papers in this issue [Miller et al., 1993; .
Observations
The 46.9-MHz CUP RI is a mobile Doppler radar system that has been used in the past primarily to observe auroral plasma irregularities and P MSE. The system parameters Copyright 1993 by the American Geophysical Union.
Paper number 93GL01600
0094-8534/93/93GL-01600503.00 and configuration used for NLC-91 are described by Swartz et al. [1993] .
In Figure i we show the CUPRI PMSE data taken during The second model capable of producing a discontinuity in the Doppler spectrogram is the distortion of a scattering layer by steepening and tilting gravity waves. The amplitudes of gravity waves in the mesosphere can become so large that nonlinear effects begin to distort the waveforms. Wave-wave interactions can also seriously affect the wave shapes. For example, a model calculation by Weinstock [1986] shows that the gravity wave perturbation velocity can grow into a sawtooth waveform before being limited by saturation. Then the diagonal hatching structures we see may be explained by such a sawtooth wave as observed by a wide-beam radar.
The two models are similar in that both require a physical distortion of the scattering medium. The fundamental difference between them is thus: the first model requires a strictly partial reflection mechanism but is not dependent on the exact shape of the distortion, while the second one is independent of the radar scattering mechanism but requires a certain waveform.
There is, in fact, a third alternative which can explain the observed linear structures in the spectrograms. Any localized scattering patch advected across the radar beam will produce a linear progression in the Doppler spectra since it will appear to be approaching as it enters the beam and receding as it exits on the other side. For evenly spaced and overlapping hatching structures to result in the spectrogram, the patches must be evenly spaced and more than one must be in the beam simultaneously. Also, the patches are not likely to be caused by strong turbulence since there is no known mechanism for creating such small, localized regions of turbulence. It is more likely that the localized patches were due to some type of partial reflecting structure, e.g., the sharp electron density gradients produced by the interaction of charged aerosols with neutral gas vortices proposed by Haynes et al. [1992] .
For the structures observed in Figure 2 , the first or third model seems to apply for the following reasons. First, the period between the diagonal lines is less than the Brunt-V/iis/il/i period which is typically about 7 minutes in the mesosphere, so gravity waves (which have periods greater than the Brunt-V/hs/il/i period) can not be responsible for the velocity structures. Second, the structures correspond to some of the narrowest spectra seen in Figure 2 , pointing to a partial reflection mechanism when they were present.
(Note that such an observation would not have been possible in a "second moment" plot, since the overlapping hatching structure would have smeared out the true spectral widths.) Finally, we see no obvious evidence of a steepening wave field leading to the velocity discontinuities.
The second model, however, is more appropriate in other instances where we do see an obvious gravity wave field The data suggests that isotropic turbulence scatter was operating in the upper region, while some type of partial reflection mechanism was dominant in the lower region. This conclusion happens to agree very well with the Turbo B data which showed that the plasma was being advected by neutral air turbulence in the upper region, while the lower region contained "spiky" Figure 1) . Besides, the radar volume itself is 7.5 km wide at 86 km, so the space of no overlap between the two positions is really only 4.5 km.
Summary Discussion
There is now increasing evidence that PMSE are generated by at least two different mechanisms: turbulent scatter and partial reflection. Our results show that both types of radar scatter can occur simultaneously at different altitudes, agreeing well with the in situ measurements of Liibken et al. [1993] and Ulwick et al. [1993] .
However, to explain the uniquely high reflectivity of P MSE, both mechanisms require the reduction in the diffusivity of electron density inhomogeneities which are ultimately responsible for scattering the radar waves. et al. [1992] developed a theory of electron diffusivity reduction due to charged aerosols and applied it successfully to turbulent scatter. Havnes et al. [1992] , on the other hand, formulated a charged aerosol theory which results in enhanced partial reflection. It may be that both theories (or perhaps others yet to be developed) are necessary to explain the different types of P MSE.
